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INTRODUCTION 
Eutamias minimus, commonly referred to as the "least 
chipmunk" (Appendices A, Plate 1, Fig. 1) is considered to 
have the greatest altitudinal and geographical distribution 
of any chipmunk species in North .America (Forbes, 1966; 
Ingles, 1965; Seton, 1909; Howell, 1922, 1925). The survival 
and apparent success of the species in such a diversity of 
habitats would seem to indicate that !.· minimus is capable 
of utilizing a wide variety of food materials. At the 
present time, however, there is little information on the 
food habit biology of this chipmunk. Most of the available 
data on food habits is based on scattered observation, 
speculation, or cursory examination of stomach materials 
(Forbes, 1966: Dalquist, 1948: Criddle, 1943: Aldous, 1941; 
Fox, 1939; Bailey, 1936; Seton, 1909; Howell, 1925). Only 
two previous investigators Carlton (1966) and Johnson 
(1961) have utilized microtechniques and plant histology 
in their chipmunk food habit analysis. Even though all 
past food habit investigations on this species have been 
informative, none of the previous researchers have attempted 
to examine the relationship between food utilization and 
the availability of food within the local habitat. This 
paper presents the results of a food habit study on 
2 
Eutamias minimus scrutator in the sagebrush-bunch grass zone 
of Central Washington. The major objective of the research 
is to relate the availability of plant species within the 
local habitat to the food habit biology of the species. 
The research topics investigated and discussed in this 
paper are as follows: 
(1) The plants available and their relative fre-
quency of abundance in the habitat. 
(2) The types of plants ingested and their relative 
importance in the diet. 
(3) The plant species most npreferred" as based 
on a preference ratio indices. 
(4) The variability in diet between sex and age 
classes. 
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METHODS AND MATERIALS 
The field work was done in section 7, 12, 13, 18 
Tl7NR21E of the NE/4 Badger Pocket 15' quadrangle, 15 miles 
east of Ellensburg, Kittitas County, Washington. The 
terrain in this area is typical of the semi-desert regions 
of the Columbia Plateau. The elevation ranges from 2,200 
to 2,400 feet and the common surface features include 
valleys which contain deep sandy loam, barren exposed hill 
tops, and basalt out-croppings with bare talus slopes 
(Appendices A, Plate 1, Fig. 1 & 2). The climate is semi-
arid. The annual precipitation for 1967 was 6.82 inches, 
most of which fell in March and April (Washington Climatol-
ogical Data, Annual Summary, 1967). The more dense vegeta-
tive stands were distributed throughout the valleys where 
it appeared that deep soils and adequate moisture may have 
prevailed (Appendices A, Plate 2, Fig. 1). The major plant 
associations of Central Washington have been described by 
Daubenmire (1956) as Artemisia/Poa secunda, Artemisia/ 
Agropyron spicatum, or Artemisia/Festuca idahoensis, depend-
ing on the edaphic, climatic, and biotic factors influencing 
the habitat. During the investigation, plant communities 
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did not delimit an animal's foraging behavior. Animals 
often ranged into two or more conununities when feeding. 
This made vegetative analysis difficult and investigations 
of food habits as related to specific plant associations 
impossible. For this reason, no attempt was made in the 
research to relate or restrict the food habits of E. minimus 
to a single plant community within the habitat. Ecologically 
the area resembles the sagebrush-bunch grass zones of the 
Northern Inter-mountain regions as described by Daubenmire 
(1946) • In addition to the dominant shrubs and grasses 
previously mentioned, several species of forbs and annuals 
are also characteristic of the area (Appendices A, Table 1). 
Field work began in early March, 1967 and ended in 
July, 1967. Trapping began soon after the animals emerged 
from hibernation and a minimum of 12 animals were trapped 
per month. Specimens were taken to the laboratory and 
stomaches were either removed immediately or the entire 
animal was frozen in a deep freeze unit. Removed stomachs 
were wrapped in cheese cloth, labeled, and placed in FAA 
for future examination by using techniques described by 
Dusi (1949-52) and the U. s. Department of Interior 
(Wildlife leaflet #193, 1941). The stomachs of 65 animals 
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were examined, 33 males and 32 females, 5 of which were 
immature females and 5 inunature males. Microscope slides 
were prepared using techniques described by Williams (1962). 
The stomach contents were removed, washed, and screened 
through a piece of fine bolting silk (No. 000) stretched 
over the mouth of a funnel. This material was then placed 
in a small beaker and covered with a 1 per cent iron alum 
solution for 5 to 20 minutes. The fragments were screened 
out of the mordant by pouring the contents of the beaker 
through the bolting silk-covered funnel. Each stomach 
sample was rewashed and rinsed for 2 to 3 minutes by 
allowing the water to drip through the material as it lay 
on the surface of the fabric. Staining was accomplished 
by dripping a small amount of 1 per cent hematoxylin 
through the fragments and allowing the stain to remain in 
contact with them for a few seconds to a few minutes 
depending on their nature. When the desired intensity of 
color was achieved, the fragments were stirred with a 
small glass stirring rod (2 dm. in length) until it 
appeared that a homogeneous mixture existed. For easy 
observation the fragments were evenly distributed and well 
spread out on two glass slides and covered with a 22 x 30 
nun. glass cover. 
Ten microscopic fields were examined per slide and 
the slides were each scanned as illustrated below. 
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Fields containing no fragments were disregarded. An attempt 
was made to identify all items in each field by checking 
the cell patterns against the known patterns of the refer-
ence material. One appropriately prepared analysis sheet 
was used per animal for each stomach analyzed and the 
frequency of occurrence for each food item was recorded. 
From this data mean relative diet frequencies for each 
month were tabulated by dividing the mean frequency of 
occurrence of the food items by the total number of 
stomachs analyzed (Table 2). 
Specific estimates of the relative amounts of each 
food item could not always be determined. This was due to 
the coagulation of finely masticated materials brought 
about by a high percentage of insect matter in the animal's 
stomach. Due to this problem, mean relative per cents were 
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actually abundance indd:ces which only estimated true diet 
composition and are best expressed as relative diet fre-
quencies. In this paper, mean relative per cents expressed 
for diet composition of both plants and arthropod matter 
will be abbreviated as R.D.F. (Mean Relative Diet Frequency). 
A reference collection of plants was made from the 
study area. All plants were collected in two's and three's. 
One specimen was mounted on standardized herbarium paper 
and the others were used for microscope slide preparation 
(for list of common names, phenology, herbarium sheet 
number, or information regarding photomicrograph status, 
consult Appendices A, Table 1.). To insure maximum reten-
tion of cellular material, leaves and stems not immediately 
used were cut into small sections (1/2 x 1/2), labled, and 
stored in bottles of FAA for later use. 
The preparation of permanent reference microscope 
slides was done in a manner similar to those described by 
Dusi (1952). For leaves two methods were used: (1) the 
epidermal scrape (Plate 4, Fig. 1 & 2) and, (2) the mascer-
ation technique (Plate 5, Fig. 1 & 2). Each are briefly 
outlined below: 
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The Epidermal Scrape 
In scraping plant tissues an exacto knife #1-st, a 
good dissecting microscope with a good light, a large petri 
dish, and dissecting probes were essential tools. One 
dissecting probe was modified into a special scraping tool 
by bending the probe into an "L" shape and beveling one 
edge into a cutting blade (this was accomplished by using 
Swedish files and emery cloth). All scraping was done 
under the dissecting scope with the plant tissue submerged 
in water in a petri dish to prevent the drying of tissue as 
it was worked on. During the scraping and tissue prepara-
tion, enough tissue was prepared so that a minimum of two 
slides could be prepared from each leaf surface. Prepara-
tion of extra slides (a total of 837 slides were prepared) 
proved valuable when they provided a selection to choose 
from preparatory to photomicrographinq. The tissues were 
code notched before they were passed through the alcohol 
series so that after fixing, staining, etc. the abaxial 
surface of the leaf could be easily distinguished from the 
addaxial surface. The most satisfactory method used was to 
notch the addaxial and abaxial leaf surfaces in the follow-
ing manner: 
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Adda.xi al 
Ab axial 
This coding meant that when the tissues were in the respec-
tive illustrated positions, they were ready for correct 
mounting~the position with the uniform epidermis J.!2 to the 
viewer and the scraped side down an the slide. When the 
tissue was ready to be placed in the mounting medium and 
the slide was properly labeled, trimming off the coded 
edges produced a neater appearing slide. After scraping, 
the tissues were passed through an alcohol and staining 
procedure which consisted of the following steps: 
(1) Fix tissue in 100 per cent Ethanol for 10 minutes. 
(2) Bring tissue to distilled water via 95, 70, 50, 
30, and 10 per cent Ethanol (three minutes in each). 
(3) Stain with Phenolic Bismarch Brown Y for 10 to 
20 minutes. 
10 
(4) Rinse tissue in distilled water and destain if 
desired. 
(5) Dehydrate tissues via 10, 30, SO, 70, 9S, and 
100 per cent Ethanol (three minutes each). 
"Adams Histoclad" mounting medium was used and the tissues 
were mounted on sterilized glass slides and covered with 
22 x 30 mm. glass cover slips. 
The Masceration Technique 
The masceration type slide was utilized when tissues 
were difficult to work with due to leaf size, thick cuticles, 
woody tissues, or in some instances, excessive pubescence. 
The steps followed in this technique are listed below: 
minute. 
(1) Cut material into 1/8 inch cubes. 
(2) Kill and fix in FAA for 18 hours. 
(3) wash the material in SO per cent Ethanol for one 
(4) Repeat step (3). 
(S) Mascerate; new mascerating fluid must be made 
weekly. A fresh mixture is made from equal portions of 10 
per cent nitric acid and 10 per cent chromic acid. Soak 
tissues for 4 to 48 hours; time varies for each tissue so 
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that soaking tissues must be checked periodically1 1/2 hour 
was sufficient for leaf epidermis, however, more time was 
required for petioles and stems. 
(6) Remove from mascerate and wash in tap water. 
(7) Stain tissues in Phenolic Bismarch Brown Y for 
6 to 10 hours--some leaf tissues, however, only require 1/2 
hour. 
(8) Remove surface stain if desired by rinsing tissue 
in tap water. 
(9) Mark slides--masceration, number, and mount as 
described previously. 
Stems were cut lengthwise and the epidermis was pre-
pared in a similar manner to that previously described for 
leaves. Microscope slides of the epidermis were photograph-
ed. Black and white 35 non. panatomic X film was used and 
photographs were taken with a Leitz Wetzlar Ortholux micro-
scope at either 250 X or 400 X magnification, depending on 
the detail desired. Uniform 4" x 5 11 enlargements of the 
epidermal tissue negatives were made and mounted in a loose 
leaf type book (Appendices A, Plate 4, Fig. 1 & 2 and Plate 
5, Fig. 1 & 2). 
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Food preferences were based on vegetative analysis 
taken in the local habitat at each capture site. The 
animals' large home range (2.0~4.4 acres) as estimated by 
Martinsen (1968) and seasonal variations in foraging 
patterns discouraged any attempt to confine the vegetative 
analysis to permanent plot sites. A canopy coverage method 
(Daubenmire, 1959) was used for estimating plant coverage 
(Table 5) and the relative frequency of plants in the 
habitat (Table 1). A total of 25 plots were taken with a 
steel rectangular plot frame (for dimensions and color 
marking refer to Appendices A, Plate 2, Fig. 1) at 1 meter 
intervals along a 25 meter tape stretched across each trap 
site. In determining plant coverage. all individuals of one 
taxon in the plot frame were recorded as a single unit. 
Each taxonomic unit was assigned a "canopy-coverage" numer-
ical classification (1 through 6) and a corresponding 
percentage value (2.5 to 97.5 percent) was recorded. The 
sum of these values divided by the number of plots examined 
(25) resulted in the average coverage for the total area 
sampled and provided data for tabulating the mean monthly 
coverages (Table 5). Monthly frequency data on plants 
found in the study area are based on the mean relative 
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frequency of occurrence for each species for each month. 
Food preference indices were obtained by dividing the mean 
relative frequency of occurrence of plant species at all 
capture sites into the plants mean per cent (RDP) of the 
diet composition (Table 3 & 4). Preference ratios were 
established in an attempt to quantitatively relate the 
indexed availability of plant species in the habitat~as 
indicated by their relative frequency of occurrence~with 
their per cent composition (R.D.P's) of the animals' diet. 
Generally, high preference ratios existed when plant species 
in the habitat had high relative diet frequencies in con-
trast to a low relative frequency of occurrence (Table 3 & 
4). The anthropomorphic interpretation of the terms 
"preferred," "preference, 11 or .. preference ratio" is not 
intended for this research. In nature the matter of for-
aging behavio~ as related to food selection and preference, 
appears complicated and is probably controlled by a number 
of factors. 
RESULTS 
Food Habits 
Fifty forbs, seven grasses, and five shrubs comprised 
a total of sixty-two plant species collected and identified 
from the study area (Appendices A, Table 1). From this 
total, only twenty-three were recorded in the stomach 
analysis-sixteen forbs, four grasses, and two shrubs 
(Tables 1 & 2) • Preference indi.ces indicate which of the 
twenty-three were most preferred (Table 3 & 4). 
Forbs 
Forbs had the highest R.D.F. of the plant species 
which occurred in· the habitat during the five-month study 
and comprised 36 per cent (Mean Relative Frequency of 
occurrence) of the total vegetation at the trap sites. 
Sixteen species of forbs contributed 56 per cent (RDF) to 
the five-month diet of E. minimus. 
High preference ratios existed in April (8.0) and 
May (10.0) for Agoseris glauca despite a low (1.5) per cent 
relative frequency of occurrence (Table 3) • During this 
two-month period, Agoseris glauca contributed 13.4 per cent 
(RDF) to the five-month diet. The mean five-month 
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preference ratio of 8.9 indicates that this plant is 
possibly one of the most important plants in the diet of 
this animal (Table 4) • The five-month vegetative analysis 
at trap sites indicated forbs had a high relative frequency 
of occurrence in the habitat during the spring and a low 
frequency of occurrence in the summer. The highest monthly 
mean per cent (R.D.F.) of forbs in the diet of E. minimus 
occurred in March, 56 per cent (R.D.F.); April, 83 per cent 
(R.D.F.); and May, 55 per cent (R.D.F.); and the lowest per 
cent of forbs in the diet occurred in July, 31 per cent 
(R.D.F.) (Figs. 1 & 2). 
Grasses 
Grasses were the second most utilized plant food in 
the diet of E. minimus, averaging approximately 40 per cent 
(R.D.F.). Danthonia unispikata and Agropyron spicatum made 
up the major portion of the grass diet, 27.7 per cent 
(R.D.F.) (Table 2). Danthonia unispikata was the most pre-
ferred grass with a five-month mean preference ratio of 1.8 
(Table 4) • Despite the abundance of Bromus tectorum, 
Festuca idahoensis, and Poa secunda at various trap sites, 
utilization and preference for these grasses remained low 
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throughout the five-month study period (Table 3 & 4). 
Vegetative analysis indicated grasses were most 
abundant in March, April, and May. During these three 
months low mean percentages (R.D.F's) of grass were found 
in the diet of E. minimus (Table 2). Grasses were the 
major plant species found in the summer diet when lower 
relative frequencies of grass occurred in the habitat. The 
highest per cent of grasses occurred in the diet during 
June, 48 per cent (R.D.F.) and July, 82 per cent (R.D.F.) 
(Table 2) • 
Shrubs 
During the five-month study period Artemesia 
tridentata had the highest relative frequency of occurrence 
of all plants in the habitat. Purshia tridentata occurred 
considerably less frequently in the habitat but did provide 
food for the diet of E. minimus• Artemesia tridentata.was 
found to comprise an average relative diet frequency of 5.4 
per cent while Purshia tridentata averaged only 1.8 per cent 
(R.D.F.). Both species had low preference ratios (Tables 
3 & 4). Monthly variation in the diets indicate that both 
species were utilized in the spring and early summer but not 
in July. 
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Arthropods 
Arthropod food analysis was based on the total amount 
of insect matter~legs, wings, exoskeleton fragments~or 
total insects found in the stomach. The relative diet 
frequency better represents the amount of insect bulk in 
the diet rather than specific quantities of individuals. 
Arthropod material made up 38.4 per cent (R.D.F.) of the 
diet of E. minimus. 
Monthly utilization shows a steady increase in the 
amount of arthropods found in the diet. The amount of 
Arthropods in the diet was lowest in March (32 per cent 
R.D.F.) and highest in July (46 per cent R.D.F.) (Table 2, 
Fig. 1) . 
Lepidopterous larval (cutworm and webworm) and 
Arachnids (ticks) both adult and larval, were the most 
commonly found Arthropods in the gut. In addition, 
Hymenopterans (bees and ants), nipterans (flies), Coleopter-
ans (beetles), and Orthopterans (grasshoppers) were also 
identified as food items. 
Miscellaneous 
Seeds were the most important food item listed in 
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the miscellaneous category and became increasingly important 
as the summer months approached. Fruits were also utilized 
and even though they could not be identified in the 9ut, 
several animals were observed eating the berries of Purshia. 
Fungi, flesh, feathers, and yolk material were also found 
during analysis but did not appear to contribute signifi-
cantly to the diet (Table 2) • 
Comparisons of Food Habits of Different Sex and Age Classes 
The diets of all chipmunks regardless of sex or age 
were similar. Differences did occur, however, in relative 
percentages of food types utilized during similar time 
periods. 
During May, June, and July, young chipmunks ate 
higher percentages of plant materials and fewer plant 
species than adults (Fig. 4 & 5). Grasses were the major 
food, and represented the major portion of the vegetative 
diet (Fig. 4). Young animals did not eat Agoseris glauca 
during May. In adults, however, this forb was the most 
important plant food eaten and comprised 36 per cent 
(R.D.F.) of the May diet. Significantly higher relative 
diet frequencies of arthropods were found in the diets of 
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adults than in young animals during May and June. In July, 
however, both young and adult diets reflected nearly the 
same arthropod relative diet frequencies of 50 per cent 
(Fig. 6). 
Females ate more arthropods than males in April, May, 
and July (Pig. 9) and less forbs than males in May and June 
(Fig. 7). The amount of Agoseris glauca in the diet of 
males during April and May was greater than that found in 
females. In those months Agoseris glauca made up a mean 
R.D.F. of 37 per cent in males and 20 per cent (R.D.F.) in 
females. 
TABLE I 
MONTfil.Y MEAN RELATIVE FREQUENCY OF OCCURRENCE OF 
THE MOST ABUNDANT PLANTS IN THE STUDY AREA 
March April May June July 
Mean% Mean % Mean % Mean % Mean % 
Agropyron spicatum 19.0 19.0 36.0 26.0 14.0 
Danthonia unispikata 27.0 27.0 6.2 17.0 5.0 
Bromus tectorum -- 26.0 48.0 28.0 22.2 
Festuca idahoensis 27 .2 34.0 15.0 2.0 
Poa secunda 25.0 45.0 57.7 13.0 32.0 
Achillea millefolium 
-- --
14.0 12.0 12.0 
Agoseris glauca -- 4.0 3.6 
Astragalus sp. 6.8 3.6 5.0 8.0 4.0 
Collensia parviflora 4.0 1.3 10.6 
Delphinium nuttallium 3.0 4.0 4.0 
Descurainia sp. -- 12.0 4.6 5.0 
Erigeron chrysopsidis 
-- -- --
4.0 8.0 
Erigeron poliospermus 10.8 4.0 4.0 
Eriogonum sp. 4.0 9.0 6.0 7.0 5.3 
Iris missouriensis -- -- 4.0 4.0 
Lithospermum ruderale 
--
6.3 4.0 3.0 16.0 
Lupinus lepidus 
--
4.0 8.5 6.0 12.0 
Phlox gracilis -- 7.0 3.0 
Phlox hoodii 5.6 4.0 10.6 4.0 3.2 
Phlox speciosa -- 5.6 10.5 4.0 
Phoenicaulis cheiranthoides 18.0 8.0 
Artemisia tridentata 50.0 62.3 45.0 58.0 50.0 
Purshia tridentata 8.3 4.0 13.1 7.6 4.0 
I\) 
0 
TABLE 2 
RELATIVE MEAN MONTHLY DIET FREQUENCY OF THE 
MOST IMPORTANT FOOD ITEMS OF E. MINIMUS 
March April May June July 
% R.D.F. % R.D.F. % R.D.F. % R.D.F. % R.D.F. 
Agropyron spicatum 3.0 5.0 
--
15.7 14 .5 
Danthoia unispikata 5.0 3.3 3.3 22.1 67.0 
Bromus tectorum -- -- 1.9 2.5 
Festuca idahoensis -- 4.8 7.2 3.1 
Poa secunda -- -- 2.5 4.4 
Achillea millefolium -- -- -- -- 1.0 
Agoseris glauca -- 32.0 36.0 
Astragalus sp. .8 5.0 2.8 4.0 
Collensia parviflora 8.3 3.0 
Delphinium nuttallium 12.1 4.0 
Descurainia sp. -- -- -- 7.4 
Erigeron chrysopsidis -- -- -- 16.0 4.0 
Erigeron poliospermus 20.8 
Eriogonum sp. 6.6 6.0 2.3 .6 8.6 
Iris missouriensis -- -- 6.7 
Lithospermum ruderale -- 3.3 .6 3.0 1.0 
Lupinus lepidus -- -- 2.0 24.1 
Phlox gracilis -- 9.0 6.0 
Phlox hoodii 7.5 
-- -- --
18.0 
Phlox speciosa 
--
17.5 
Phoenicaulis cheiranthoides -- 4.0 
Artemisia tridentata 8.0 9.5 4.0 5.0 tJ 
Purshia tridentata -- -- 1.1 8.1 -- ..... 
TABLE 2 (Continued) 
March April 
% R.D.F. % R.D.F. 
Arthropod substance 32.0 35.0 
Miscellaneous seeds 
fungi 
Unidentifiable 23.3 32.0 
May 
% R.D.F. 
37.0 
seeds 
fungi 
yolk & 
feathers 
28.0 
June 
% R.D.F. 
41.0 
seeds 
fungi 
30.1 
July 
% R.D.F. 
47.0 
seeds 
fungi 
27.0 
"' 
"' 
Table 3 
MONTHLY MEAN PREFERENCE INDICES OF 
MAJOR FOODS OF THE LEAST CHIPMUNK 
March April May June July 
Pref. Ind. Pref. Ind. Pref. Ind. Pref. Ind. Pref. Ind. 
Agropyron spicatum .15 . 26 
--
.6 1.0 
Danthoia unispikata .18 .12 .05 1.3 13.4 
Bromus tectorum -- -- .04 .08 
Festuca idahoensis -- .14 .48 1.55 
Poa secunda 
-- --
.04 .33 
Achillea millefolium -- -- -- -- .08 
Agoseris glauca -- 8.0 10.0 
Astragalus sp. .12 .14 .57 
--
.5 
Collensia parvif lora 2.07 .23 
Delphinium nuttallium 4.0 1.0 
Descurainia sp. 
-- -- --
1.48 
Erigeron chrysopsidis -- -- -- 4.0 .5 
Erigeron poliospermus 1.9 
Eriogonum sp. 1.65 6.7 .36 .06 1.6 
Iris missouriensis -- -- 1.6 
Lithospermum ruderale -- .52 .15 1.0 .06 
Lupinus lepidus -- -- .02 4.0 
Phlox gracilis 
--
1.28 2.0 
Phlox hoodii .13 -- -- -- 5.6 
Phlox speciosa -- 3.12 
Phoenicaulis cheiranthoides -- .5 
Artemisia tridentata .16 -- -- -- -- ti,,) 
Purshia ±ridentata -- --~----------- .08 1.06 -- w 
TABLE 4 
THE FIVE MONTH MEAN PREFERENCE INDICBS OF 
MAJOR FOODS OF THE LEAST CHIPMUNK 
Agropyron spicatum 
Danthoia unispikata 
Bromus tectorum 
Festuca idahoensis 
Poa secunda 
Achillea millefolium 
Agoseris glauca 
Astragalus sp. 
Collensia parviflora 
Delphinium nuttallium 
Descurainia sp. 
Erigeron chrysopsidis 
Erigeron poliospermus 
Eriogonum sp. 
Iris missouriensis 
Lithospermum ruderale 
Lupinus lepidus 
Phlox gracilis 
Phlox hoodii 
Phlox speciosa 
Phoenicaulis cheiranthoides 
Artemisia tridentata 
Purshia tridentata 
The 5 month The 5 month Mean 
Mean relative relative frequency 
Diet frequency of occurrence of 
plants in the habitat 
7.6 15.0 
20.1 16.4 
.9 15.0 
3.0 10.0 
1.4 14.1 
.2 2.4 
13.4 1.5 
2.8 4.6 
2.2 1.0 
3.2 1.4 
1.4 1.0 
4.0 2.4 
4.2 2.2 
4.8 6.2 
1.3 .8 
1.0 5.8 
5.2 2.9 
3.0 2.0 
5.2 1.8 
3.6 1.2 
0.8 1.6 
5.4 53.1 
1.8 4.2 
Preference 
Index 
.5 
1.8 
.6 
.3 
.1 
.1 
8.9 
.6 
2.0 
2.2 
1.4 
1.6 
1.9 
.7 
1.6 
.2 
1.8 
1.5 
2.8 
3.0 
.s 
.1 
.4 fl.> ~ 
TABLE 5 
MONTm..Y MEAN COVERAGE OF THE MOST ABUNDANT 
PLANTS IN THE STUDY AREA 
March April May June July 
Mean % Mean % Mean % Mean % Mean % 
Agropyron spicatum 7.9 4.0 9.8 5.4 2.3 
Danthonia unispikata 1.7 2.4 1.2 1.0 4.0 
Bromus tectorum 
--
3.3 7.2 2.1 3.4 
Festuca idahoensis 3.2 4.5 4.1 1.0 
Poa secunda 6.3 6.5 8.0 .4 6.4 
Achillea millefolium 
-- --
2.5 .6 .4 
Agoseris glauca 
--
.2 .8 
Astragalus sp. .7 .8 .3 .4 .3 
Collensia parvif lora .1 .3 .8 
Delphinium nuttallium .5 .2 .2 
Descurainia sp. -- .2 .1 .2 
Erigeron chrysopsidis 
-- -- --
.1 .7 
Erigeron poliospermus .8 .4 .2 
Eriogonum sp. .2 .7 .5 .4 .2 
Iris missouriensis 
-- --
.3 .1 
Lithospermum ruderale 
--
.6 .9 1.3 2.2 
Lupinus lepidus 
--
.1 1.2 .6 .1 
Phlox gracilis -- .4 .4 
Phlox hoodii .1 .15 .1 .2 .8 
Phlox speciosa -- .3 1.2 .2 
Phoenicaulis cheiranthoides .5 .8 
Artemisia tridentata 12.1 21.6 15.32 13.5 24.0 
Purshia tridentata 2.3 1.1 6.3 4.8 5~0 
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Figure 4 
Monthly Comparison of the Mean Relative Diet Frequencies 
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Figure 5 
Monthly Comparison of the Mean Relative Diet Frequencies 
of Forbs in the Diet of Adult and Immature E. minimus. 
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of Arthropod Fragments in the Diet of Adult E. miniaus. 
DISCUSSION 
Eutamias minimus is a generalist in food habits. In 
Eastern Washington, as in other parts of his geographical 
range, his food habits are influenced by the local environ-
ment (Forbes, 1966; Aldous, 1941) • In the sagebrush regions 
of the Kittitas valley E. minimus is far from water. Low 
annual rainfall in this area strongly influences the distri-
bution and abundance of plant species. Vegetative analysis 
at the trapsites indicated that grasses had the most fre-
quent occurrence in the habitat, shrubs second, and forbs 
third. Food analysis indicated that forbs had the highest 
frequency in the diet, with grasses second, arthropods third 
and shrubs fourth. The mean monthly diet frequencies 
reflected changes related to seasonal phenology, availability, 
and possibly, as some researchers have stated (Vaughan, 1967; 
Hayden, 1966), the need to maintain a proper water balance. 
Schmidt~Nielsen (1964) and later Bradley (1968) pointed out 
that ground squirrels displayed high preference for green 
vegetation and required the additional moisture that this 
food source provided. In addition, Hudson (1964) and Chew 
(1951), discussed fully the water relationships of small 
desert mammals and indicated the necessity for some succulent 
36 
food in the diet. The data collected during this research 
indicates the presence of succulent foods in the diet through-
out the five-month period. Succulent forbs had the highest 
diet frequencies in the spring when they had a high relative 
frequency of occurrence in the habitat. The lowest mean per 
cent (R.D.F's) of forbes occurred in the summer diet when 
they were dry and had a low relative frequency of occurrence 
at the trapsites (Fig. 2). The monthly utilization of grass 
appeared to be more related to food preferences based on 
grass phenology and the unavailability of forbs than to abun-
dance in the habitat (Fig. 1 & 3, Table 1, 2, & 3). Dauben-
mire (1940) described the relationship between biotic and 
abiotic effects on the palatibility of grass and its influ-
ence on food preference. He found that in areas of over 
grazing, Poa secunda decreased in stature until the plant 
was considerably below average, at this point leaves became 
fine and wiry and were scarcely ever eaten by any class of 
livestock. In my study area, heavy grazing had occurred, 
and possibly, affected chipmunk food preference for grasses 
in the same manner. Grass phenology also influenced food 
preference. During June and July when grass had the highest 
relative diet frequency, Agropyron and Danthonia were in a 
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rapid growing stage. During this time their tender shoots 
provided the major form of succulent vegetation in the 
habitat. Bailey (1936) observed chipmunks in Eastern Oregon 
feeding on green caterpillars which devoured the leaves of 
sagebrush. This study indicated the presence of these 
caterpillars in the diet. The relative diet frequency of 
sagebrush (Table 3, Fig. 1) also coincides with their 
presence and may represent an incidental food item taken in 
while the animals were foraging for this insect larvae. 
The importance of insects in the diet increased steadily 
throughout the five-month study. The highest R.D.F's were 
found in June and July when other types of succulent foods 
were not seasonally available. 
The reproductive cycle, behavior, and morphology may 
have accounted for the minor differences which occurred in 
food habits between age and sex classes. The difference in 
arthropod food habits and preferences between age classes 
was interesting but difficult to explain. Possibly, one 
could hypothesize that in young chipmunks food habits are 
influenced by lack of experience or less strongly developed 
preferences (Fig. 6). To speculate further, Klopfer (1962) 
sited an example in which different morphological structure 
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in feet and toes of Peromyscus affected their ability to 
forage. In this instance, food habit preference of young 
may have been influenced by the lack of the anatomical 
dexterity and coordination which permitted their parents to 
exploit shrubs for insects. Forbs and grasses supplemented 
the juveniles diet when insects were not obtainable (Fig. 4 
& 5). The reproductive cycle appears to influence the diets 
of males and females. The physiological demands of pregnancy 
and lactation would place additional strain on the females 
protein, mineral, and water requirements. A higher percent-
age of arthropods in the diet of females may have provided 
extra protein and water to help supplement these deficiencies 
(Fig. 9). The higher utilization of Agoseris glauca in the 
diets of males may reflect different degrees of preference 
between sexes as related to different metabolic, nutritional 
or behavioral characteristics associated with the reproductive 
cycle. The importance of Agoseris glauca to the diet of 
E. minimus is not known. The high R.D.F's and preference 
ratio, however, indicate that preference for this plant was 
goverened by something other than relative availability 
within this habitat. 
SUMMARY 
A food habit study was conducted from March, 1968, 
through July, 1968, in the Badger Pocket quadrangle, Kittitas 
county, washington. The major objective of the study was to 
relate food availability within the local habitat to the 
food habits and overall biology of the least chipmunk 
(Eutamias minimus scrutator) • 
Preference ratios were based on quantitative appraisal 
of the vegetation at the trap site. Stomach contents were 
examined microscopically. 
A total of twenty-three plants were used as food 
items from a total of sixty-two known species in the habitat. 
Forbs, grasses, and arthropods were the most preferred food 
types and comprised the greatest portion of the diet. 
Agoseris glauca was the major plant food item in the diet 
of the least chipmunk. Preference for this plant did not 
appear to be governed entirely by availability within the 
habitat. 
The diets of all chipmunks regardless of sex or age 
were similar. In this habitat, it appeared that the most 
obvious influences on E. minimus' food preferences were 
related to the physiology of the reproductive cycle, 
availability, or water balance. 
40 
BIBLIOGRAPHY 
BIBLIOGRAPHY 
Aldous, s. E. Food habits of chipmunks. Journal of 
Manunalogy, 1941, 22, 18-24. 
Bailey, Vernon. The mammals and life zones of Oregon. 
North American Fauna, 1936, 55. 
Bradley, w. Glenn. Food habits of the antelope ground 
squirrel in southern Nevada. Journal of Manunalogy, 
1968, 49, 14-21. 
Carlton, William M. Food habits of two sympatric Colorado 
Scuirids. Journal of Manunalogy, 1966, 47, 91-103. 
Chew, Robert M. The water exchanges of some small mammals. 
Ecology Monograph, 1951, 21, 215-225. 
Criddle, Stuart. The little Northern chipmunk in southern 
Manitoba. The Canadian Field Naturalist, 1943, 
Vol. 27, 80-86. 
Dalquist, w. w. Manunals of Washington. University of 
Kansas Publications, Museum of Natural History, 1948. 
Daubenmire, R. F. Plant succession due to overgrazing in 
the Agropyron Bunchgrass prairie of Southeastern 
Washington. Ecology, 1940, 21, 55-63. 
Daubenmire, R. F. The life zone problem in the northern 
intermountain region. Northwest Science, 1946, 20, 
28-37. 
Daubenmire, R. F. Climate as a determinate of vegetation' 
in Eastern Washington. Ecological Monographs, 1956, 
26, 131-154. 
Daubenmire, R. F. 
analysis. 
A canopy-coverage method of vegetational 
Northwest Science, 1959, 33, 43-56. 
Dusi, Julian L. Methods for the determination of food habits 
by plant microtechniques and histology and their 
application to Cottontail Rabbit food habits. Journal 
42 
of Wildlife Management, 1949, 13, 295-598. 
Dusi, Julian L. The food habits of several populations of 
Cottontail Rabbits in Ohio. Journal of Manunalogy, 
1952, 28, 180-186. 
Fox, Adrian C. Little northern chipmunk eats dogwood 
berries. Journal of Manunalogy, 1939, 47, 42-46. 
Forbes, B. Richard. Studies of the biology of the Minnesotan 
Chipmunks. The American Midland Naturalist, 1966, 
76, 290-308. 
Hayden, Page. Food habits of Black-tailed Jack Rabbits in 
Southern Nevada. Journal of Manunalogy, 1966, 47, 
42-46. 
Howell, Arthur H. Diagnosis of seven new chipmunks of the 
Genus Eutamias, with a list of the American species. 
Journal of Mammalogy, 1922, 3, 178-184. 
Howell, Arthur H. Preliminary description of five new chip-
munks from North America. Journal of Mammalogy, 
1925, 4, 51-54. 
Hudson, J. w. Water metabolism in desert animals. Thirst, 
Matthew J. Wayner, editor. New York: The Macmillan 
Company, 1964. 
Ingles, Lloyd G. Mammals of the Pacific States. Stanford 
University Press, Stanford, California, 1965. 
Johnson, Donald R. The food habits of rodents on Rangelands 
of Southern Idaho. Ecology, 1961, 42, 407-410. 
Klopfer, Peter H. Behavioral aspects of ecology. Englewood 
Cliffs, N. J.: Prentice-Hall, 1962. 
Martinsen, David L. Temporal patterns in the home ranges of 
chipmunks (Eutamias). Journal of Mammalogy, 1968, 49, 
83-91. 
43 
Schmidt-Nielson, Knute. Desert Animals, Oxford University 
Press, 1964. 
Seton, E. T. Lives of Game Animals. Garden City, N. Y.: 
Doubleday, Doran & Company, Inc., 1909, Vol. 2. 
U. s. Department of Commerce. Environmental Science 
Services Administration. Washington State Climato-
logical Data, 1967, 71, 207-219. 
u. s. Department of the Interior. Fish and Wildlife Service. 
Directions for Collecting materials for food habit 
studies. Wildlife Leaflet No. 193, 1-8, 1941. 
Vaughn, Terry A. Food habits of the Northern Pocket Gopher 
on Shortgrass Prairie. American Midland Naturalist, 
77, 1967, 177-189. 
Williams, Oliver. A technique for studying microtine food 
habits. Journal of Mamrnaloqy, 43, 1962, 365-365. 
APPENDIX A 
PLANTS OF THE STUDY AREA 
Plant Species 
Aberis subvillosa 
Achillea Millefolium 
Agoseris glauca 
Agropyron spicatum 
Allium sp. 
Allium Geyeri 
Amsinckia intermedia 
Amsinckia retrorsa 
Amsinckia sp. 
Antennaria stenophylla 
Arenaria Franklinii 
Artemisia ludoviciana 
Artemisia rigida 
Artemisia tridentata 
Astragalus sp. 
Balsamorahiza deltoidea 
Balsamorahiza hirsuta 
Brodiaea Bridgesii 
Bromus mollis 
Bromus tectorum 
Castilleja pallescens 
TABLE 1 
PLANTS OF THE STUDY AREA 
Mustard 
Yarrow 
Common Name 
Pale Agoseris 
Wheat Bunch-grass 
Geryer's Onion 
Common Amsinckia or 
Fiddleneck 
Ridgid Amsinckia or 
Fiddleneck 
Narrow-leaved Everlasting 
Franklin sandwort 
Western Worm wood 
Rigid Sagebrush 
Sagebrush 
Vetch 
Northwest balsamroot 
Hairy Balsamroot 
Bridge's Brodiaea 
Soft cheat 
Downy Brome-grass 
Pallid Paintbrush 
Phenology 
P/perenial 
aa/annual 
aa 
p 
p 
p 
p 
p 
aa 
aa 
aa 
p 
p 
p 
p 
p 
p 
p 
aa 
aa 
p 
Herbarium 
Sheet No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
x 
12 
13 
14 
15 
x 
16 
17 
18 
19 
Micro-
Photograph 
Taken * 
No photo -
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
.i:-. 
.i:-. 
Plant species 
Chrysothamnus nauseosus 
Collensia parvif lora 
crocidium multicaule 
Delphinium Nuttallianum 
Descurainia Sp. 
Erigeron chrysopsidis 
Erigeron linearis 
Erigeron poliospermus 
Erigonum heracleoides 
Eriogonum sp. 
Eriogonum thymoides 
Erodium cicutarium 
Festuca Idahoensis 
Festuca ruba 
Iris missouriensis 
Layia douglasii 
Lepidium perfoliatum 
Lewisia rediviva 
Lithospermum ruderale 
Lomatium piperi 
Lomatium utriculatum 
Lupinus lepidus 
Mertensia oblongifolia 
Microsteris gracilis 
Pediocactus Simpsonii 
Penstemon fruiticosus 
TABLE l (Continued) 
Common name Phenology 
P/perenial 
aa/annual 
Rabbit-brush 
Small-flowered Collinsia 
Gold-Star 
Upland Larkspur 
Dwarf Yellow Erigeron 
Linear-leaved Erigeron 
Cushion Erigeron 
Creamy Eriogonum 
Thyme-leaved Eriogonum 
Idaho Bunchgrass 
Red Fescue 
western Iris 
x 
Yellow-flowered Peppergrass 
Bitteroot 
Western Gromwell 
Piper's Desert Parsley 
Fine-Leaved Desert Parsley 
Prairie Lupine 
Leafy lungwort 
Pink Annual Phlox 
Hedgehog-Thistle 
Shrubby Penstemon 
aa 
aa 
aa 
p 
p 
p 
p 
p 
p 
p 
p 
p 
aa 
p 
p 
aa 
p 
Herbarium 
Sheet No. 
20 
21 
22 
23 
24 
25 
26 
27 
x 
28 
29 
30 
31 
32 
33 
34 
x 
35 
36 
37 
38 
39 
40 
41 
42 
43 
Micro-
Photogr aph 
No photo -
Taken * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
~ 
U1 
TABLE 1 (Continued) 
Plant species Common name 
Phacelia humilis Low Phacelia 
Phoenicaulis 
cheiranthoides Dagger-pod 
Phlox douglasii Douglas's Phlox 
Phlox gracilis Pink Annual Phlox 
Phlox hoodii 
Phlox speciosa Snowy Phlox 
Plectritis macrocera Desert Plectritis 
Poa Secunda Sandberg's Bluegrass 
Purshia tridentata Antelope or Bitter Brush 
Ranunculus glaberrimus Sagebrush buttercup 
Viola trinervata Three-nerved Violet 
Zygadenus paniculatus Death camus 
Taraxacum off icinale Dandelion 
Vicia sp. x 
Distichlis stricta Desert saltgrass 
Danthoia unispikata Oat grass 
Phenology Herbarium 
P/perenial Sheet No. 
aa/annual 
p 44 
p 45 
46 
x 
47 
48 
aa 49 
p 50 
51 
52 
53 
p 54 
p x 
x 
p x 
p x 
Micro-
Photograph 
Taken * 
No hoto -
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
.i:i. 
(1\ 
Fig. 1 
Fig. 2 
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Plate 1 
Eutamias minimus scrutator ("least chipmunk") 
nesting in a basalt out-cropping in the semi-
desert regions of West Central Washington. 
Aerial photo of the study area, Highway 10 is 
at the top of the photo. East to Vantage, 
Washington is toward the right corner of the 
photo. Most of the research was conducted in 
the sagebrush valleys seen in the photograph. 
Ellensburg, Washington is 15 miles west of 
the study area. 
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Plate 1 
Fig. 1 
Plate 2 
The habitat~a sagebrush-bunchgrass zone in 
west Central Washington. 
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50 
Plate 2 
Fig. 1 
Fig. 1 
Fig. 2 
Plate 3 
Dense stands of sagebrush offered food and 
cover to Eutamias minimus. 
51 
Steel plot frame used in vegetative analysis 
during the study. (A frame of 3/16" steel with 
outside demensions 20 x 50 cm., legs 2 DM long 
at each corner, and painted to indicate quarters 
with two sides of a square 71 x 71 mm. indicat-
ed at one corner.) 
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Plate 3 
Fig. 1 
Fig. 2 
Fig. 1 
Fig. 2 
53 
Plate 4 
Photomicrograph of Agoseris glauca leaf showing 
the finished product of an epidermal scrape. 
(abaxial surface) 400 X 
Photomicrograph of Agoseris glauca leaf showing 
Addaxial surface scrape. Note the difference 
in the cell morphology of the two surfaces. 
400 x 
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Plate 4 
Fig. 
Fig. 
Fig. 1 
Fig. 2 
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Plate 5 
Photomicrograph of Achillia millifolium stem, 
showing finished product of masceration 
technique. 400 X 
Photomicrograph of Achillia millifolium leaf, 
showing finished product of masceration 
technique. 400 X 
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Plate 5 
Fig. 1 
Fig. 2 
Fig. 1 
Fig. 2 
Plate 6 
Collensia parvaflora~400 X magnification. 
Epidermal fragment found in the gut during 
analysis. Used as a plant food during March 
and April. 
Agoseris glauca~230 X magnification. An 
epidermal fragment found in the gut during 
analysis. An important plant food during 
April and May. 
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Fig. 1 
Fig. 2 
Fig. 1 
Fig. 2 
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Plate 7 
Arthropod fragment~400 X magnification. One 
of the many arthropod fragments found in the 
gut during this food habit study. 
Agropyron spicatum~230 X magnification. 
Fragment showing trichomes of Agropyron 
spicatum, an important food during June and 
July. Trichomes were often important criteria 
in helping to identify plant fragments in the 
gut. 
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Fig. 2 
